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Observations on a fourth instrument. Octave error.' 
Constancy. Disadvantqjes of indirect control. Direct 
control by lever on armature of chronoscope. 

SINCE publication of our paper' on the chronoscope, we have had 
the opportunity of testing a fourth instrument, fresh from the works of 
Messrs Peyer and Fovarger. 

On arrival, its escapement was found to be so well adjusted as to 
give no more than one false note in upwards of one hundred readings. 
For this reason, and because, when tested by the armature lever as 
described on pages 63, 73 and 82, it showed a clockwork error of less 
than *2 ' lo ,  no attempt was made at  this stage to readjust the vibrating 
spring. 

A small breakage having necessitated its return to the makers, the 
foregoing tests were repeated on its rearrival. The escapement was 
now found to give about ten false notes per hundred readings. The 
vibrating spring, therefore, was readjusted on the lines laid down 
on p. 74, and has since then yielded more than a thousand readings 
without audible fault, and with a clockwork error distinctly less than 
that shown by the earlier measurement. 

I n  the matter of constancy, it was found, as with the three other 
instruments, that the chronoscope behaves more uniformly when its 

1 This volume, pp. 58-88. 
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hands run during flow of current. Thus, in one hundred consecutive 
readings of hammer time, the M.V. of the consecutive groups of ten, 
ranged from *20u to *80a when the hands ran during current flow ; and 
in a similar series from *54u to 1 . 0 8 ~  when the hands ran during inter- 
ruption of current. 

Further use of the hammer in conjunction with the chronograph, 
for testing the accuracy of the chronoscope adjustments, has led us to 
modify our opinion as to its convenience. Making all allowance for 
fair wear and tear (e.g. failure of springs), the hammer has not proved 
durable. The arm bearing the counterpoise has snapped off, the screw 
thread' in the counterpoise has completely stripped, and the keys have, 
through bad weara, ceased to establish permanent closure a t  first 
contact. Moreover, tests of the chronograph (Pfeil) by the drum keys 
(p. 63)) havc shown us that an error of 3 or 4u may be made in the 
estimate of an interval recorded by it, if the tension of its spring is not 
favourable. And although it can be so adjusted (p. 72), such adsjust- 
ment requires periodical verification. 

Since, then, appeal has ultimately to be made to these drum keys 
to insure accurate interpretation of the hammer-Pfeil combination ; 
and since also these keys i n  conjunction with a lever on the armature 
of the chronoscope determine the error of the chronoscope readings 
directly,-employment of the intermediate controlling apparatus 
(hammer and Pfeil) is gratuitous. 

The modus opermndi of the drum method is figured and described 
on p. 63 of this volume and tracings are given in the figures on the 
two following pages. It is only necessary to add that the central hori- 
zontal line shown in these tracings, which was used to measure the 
latencies of the chronoscope, is not required for the purpose of 
measuring its error. This error is given by the difference between 
the interval shown on the time tracing from M to B, and the interval 
as recorded by the dials. The position of M and B is found, after each 
individual record, by turning the drum round by hand so slowly that a t  
' make ' and break ' it is practically stationary. This yields almost 
vertical lines between the upper and lower abscissae, from the beginnings 
of which parallels are drawn, in the usual way, to cut the tracing of the 
tuning-fork. The following is an example of the results given by the 
method. 

The counterpoise was found to consist of lead with a thin covering of brass. 
This would have been diminished, if not wholly prevented, by use of platinum-iridium 

alloy in place of the pure platinum actually employed. 
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TABLE I. 
Graphic value of Clironoscopic Error of chronosaopic reading 

interval reading with a given adjustment 
150 u 158 u t 8 u  
153 159 + 6  
154 161 + 7  
154 161 1- 7 
154 162 + 8  
155 162 + 7  
155 161 + 6  
150 156 + 6  

The average error of the chronoscope with the adjustment in 
question was therefore (to the nearest whole number) 7a, and the 
mean variation from the actual average rather over fiu. The varying 
duration of the intervals, due to variations in the rate of the drum, is 
obviously no source of error, since the graphic and dial records are 
simultaneous readings of the same event. 

On p. 63 it was, through inadvertence, stated that the effect of the 
lever on the readings was to " increase (or diminish) " them by about la. 
The actual effect is to increase them by this amount under all circum- 
stances, the additional weight accelerating the descent of the armature, 
and retarding its ascent; thus shortening the latency of start, and 
prolonging the latency of arrest of the hands. 

TABLE 11. 

Showing efect  of armature-lever O I L  ckro,ioscope rendin-ys. 

Groups of ten readings, 
without lever 

n i  . n1.v. 
i. 9 8 . 9 ~  .54 u 
ii. 99.0 .80 

.84 111. 238.8 ... 

Corresponding groups of ten 
readings, with lever 
7- 

M. D1.V. 
99.9 u .72 u 

100.3 -62 
239.4 .96 

The average increase in the readings due to the lever is thus - 9 3 ~ .  
I n  brief, our further experience of the adjustments, accuracy, and 

control of the chronoscope, whilst confirming our earlier statements as 
to tile adjustinents and accuracy of the instrument, leads us to prefer 
direct control by its own armature-lever in conjunction with drum keys, 
to indirect control by other electromagnetic apparatus in combination 
with the hammer. 


